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(54) LEDm^m<De^mtn%w:fi^>v 



(57) 

^Jt;/-Y;d— K (11) t. 2U^<D\^—^^% 
Si««r^ri-5 ia«eA±<^|g?tWi^ (2 1) tSr 

3tiS*W*3tC I Efeffi^^SC I EfeSBT'Sia 

e) x = 0. 0137S.O?y = 0. 4 8 3 1. b 
) x = 0. 2 240jfcO5y = 0. 3 8 9 0. c) 

x = 0. 2 800St)'y = 0. 4500> g) x 
= 0. 2 8.7 9StFy = 0. 5 196.afeWch 
) x = 0. 0 108S:Tjy = 0. 7 2 2 0„ d^*^ 
(5 1) tl, (4 1) (Om 

(B a 1 -xEu x) Mg 2^ 1 1 6O2 7 (•■ 
B AMJ ) RXf (Ba i_xEux) Mg2-y 
MnyA 1 1 6O2 7 ( TBAMMnJ ) 

0<xgO. 2. 0<ySO. 5) WT' 
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(2) 

3^yty-f:^-h' (11) t. 2sx±(Dif'-'!^^^mMt:m-r^imsx±(D^mm (21) ti:^tj'Wm^mmmm. 

e) x = 0. 0 1 3 7S.tJfy = 0. 48 3 1, 

b) x = 0. 2 240St;'y = 0. 3 8 9 0. 

c) x = 0. 2 8 0 0^U^y = 0. 45 00, 

g) x = 0. 2 8 7 9SU5y = 0. 5 1 9 6 . ilfemc 

h) x = 0. 0108Sl/y = 0. 7 2 2 Oo 
[lt*:«2] 

lif*«3l 

milE5l^y'<:i-— K (11) © f— tJ^^^t&ft^s 3 6 0~4 2 0 nm<DteHrtl;i ?il5i?«2SE*g©^gc 
[lf*^4j 

K (11) ^^3 7 0~4 0 5 nm©teHrt(-f-^|g3t&«Sr*-t--5 I nGaNSttS^-^tf, sf 

[iii*«5i 

*ulS%3tWJPI- (2 1) ©Ig^tC I EfeMtl;dSx = 0. 1±0. 0 5S.tJ5y = 0. 5 2±0. 0 5 "CfeS. Sf*^4fE 

m^im&^±(D^tftum(D^%c i EfeM^^ssc i E^^E-eHia^i^wtsigcrttc^fceL. m9&\!3mm<Dmi^i)iT^s.<o 

C I E6M«^#-t-5, If 1 fE«<D^a. 

a) x = 0. OOORny = 0. 5 0 6, 

b) x = 0. 2 24SU'y = 0. 3 8 9, 

c) x = 0. 2 8 0^tKy = 0. 4 5 0 , MWd 

d) x = 0. OOOS0y = O. 7 3 0c 

7 ] 

MSBia£A±©?g3tW)|s|-©is3tc I Efejffi^isc I Efe«iii-eEgia?ig<^)ffi«rttc:ttftL, «frisiasj^0Dii^;5STis<r> 

C I E&M«^#i-5, if*«l fE«®^«o 

e) x = 0. 0137SlFy = 0. 4 8 3 1, 

f) x = 0. 2094&i;y = 0. 3 9 5 3, 

g) x = 0. 2 8 7 9St5y = 0. 5 196, 

h) x = 0. 0108Xl/y = 0. 7 2 2 0, 

mmim&.±(D^t/(Mn (2 1) *S*-©AMgA l O : Eu 2+, Mn 2 +-^yti$i^^=^. A^Sfia, CaRTJS 
I!»*]19J 

MISAMg A 1 O : Eu 2 +, Mn 2 + ■^i^i^ii)^ AM g 2Ali6027:Eu2+, Mn2 +*^<^Sr-^;t^, A;4S 
9 0%£(±OB a Sr-^tf, ti*3S 8 fS^roggS, 
[»*3S1 0] 

MIEAMg 2Ali6027:Eu2+, Mn2 +^7t^^;4SB a i_xEuxMg 2-yMnyA 1 i 6O2 7#^ 
iSSr-^i^, 0<x^0. 2T'fct3, 0. OSSy^O. STJ-fc-S, |f*^9|E««gSo 

[i!l*^l 1 1 
tufS 1 atX-h<0^5fe*t^ (21) H)^ 

i) E0*A10:Eu2+, Mn2 (S;tt=, EHB a , S rStJ?C aWia^ 



(3) 

i i) EAl O : Eu2+. Mn2+#3t# (SC't'x EttBa. S r Xl/C a «2 1 a£A±Sr-&tf) , W 
i i i) GAl O : Eu 2+, Mn 2+-^^fls . GttK. L i , N aS.TJ'R b <D 1 aEi±?r-^tp) 

jsgjj^jg 1 2 1 

SUteEO^AlO : Eu2+, Mn 2 x B a O * 6 A 1 2O3 : Eu2+, Mn2+S:-g;if. WISE A 1 
O : Eu2+, Mn2+^3fe<*:65 (Bai_xEux) Ali2-yMnyOi9-o. 5 y tulEGA 1 O 

: Eu 2+, Mn2+^^{i^;as (Ki-xEux) Al 1 i-yMnyOi 1. 07-0. 5 y ^"^tf^ 1 

1 3 1 

B&ffi 1 (2 1) t-. 5 0 5 nmJ;t)Mv^:^l(^f-i?|g3tSt«?r*-r5^1©^3t<*-RO^50 5 n 

m i ftv^^ 2 k°-iJ'^?til6*^^i-^lg 2 ©*5fcfl:^fc-^tf. If 1 fB«©ii«o 
141 

HMlBlll05t^-<5'*^i6«!»^4 4 0~4 5 5 n mCDtefflrttClfe •? . fuIBH 2 © t^"- ^3tS«*5 5 1 0~5 2 5nm 

[iS5it3ai5] 

BUiaH 1 ( 2 1 ) d5 

a) AMgAl O : E u 2 +^^^^ (^tf. A(i;Ba. CaSl/S r cD 1 SUAii^r-^tf) . 

b) DPOCl :Eu2 +*)tft: (^'f's Df*S r . B a . C a SU^M g (73 1 ajil,±^-^tf) . 

c) EO*A 1 O : Eu 2+#^«s (^tf^. Et±Ba. S r a © 1 aSiJi^-g-tf) ^ 

d) EAIO : Eu2+*)ti*: (^I'x E(4Ba. S r ^ttJ^C a (O 1 SEAiSr^tf) , St;' 

e) GA 1 O : E u 2 (^"t-. G(±K. L i . N a SU^R b O 1 aEi±Sr-^tf) 
(OiaW±Sr-atf. It*3ji 4E«©iS«c 

lit*Jl 16] 

msm.i<n>it%iii^V^^P( (2 1) d5 

f) AMgAlO : Eu2+, Mn2+^^fls (^tf. AUB a . C a S.t)« S r O 1 atA±Sr-&tf) . 

g) EO*A 1 O : Eu 2+, Mn2+m)t^*: (^*. EfiB a. S r StJ'C a O 1 aEi±^-&tf) . 

h) EA 1 O : Eu 2+, Mn 2+^^f!|J (^tf>, E(iB a, S r ^fct/C a 1 «ei-hSr-&tf) ^ SO' 

i) GAIO : Eu2+. Mn2+^^^ (^tfx GfiK. L i. N a S.TJ'R b (D 1 a£i±«r-^tf) 

©im£A±Sr-&tPx S«*:^l 5fE«©Sfi. 

111*311 7] ^ , . . * 

ttrlBAMgAlO : Eu2+^)t«:d5AMg2Al 1 602 7 : Eu2+ (^q?. Art 9 0 %EA±cD B a >|r^tf) S: 

■ir^. lulfiDPOC 1 : Eu2+^)t^:dS (Sr, Ba, Ca, Mg) 5 (PO4) 3CI : Eu2+^-^;J^. ftilE 
AMg A 1 O : Eu 2+, M n 2 AM g 2 A 1 1 6 O 2 7 : E " ^ + . Mn 2+ (^cf.^ AttS 0%«± 
OBaSr-grtP) ^^Tf-. WffiE0*A10 : E u 2 x B a O * 6 A 1 2O3 : Eu2+Sr-&;?^, WIEEA 
10 : Eu2+m3tfl^*5 (Ba i_xEux) Al 1 2O1 9 Sr-&i5^. WIEGA 1 O : E u 2 (Ki_x 
Eux) AliiOii. 0 T*"^*^- 
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(4) 

E0*A10:Eu2+, Mn 2 x B a O * 6 A 1 2O3 : Eu2+. Mn2+^^;^^ tuIEEA 1 O : 
Eu2+, Mn2+^3t«^^s (Ba i-xEu^) Al 1 2-yMnyOi 9-0. 5 y ^^^^ BUIEGAIO - E 
u2+, Mn2+^^f*:iS (Ki-xEux) Al 1 i-yMnyOj 1. 07-0. 5 y ^^tf. 1 5|B« 

It»*^l 8] 

S^IBAMg 2A 1 1 6O2 7 : E u 2 +^5fe^^S (Bai-xEux) Mg2Ali6027 0<x^0. 
2) Sr-^;'^. MI5 (Sr. Ba. Ca, Mg) 5 (PO4) 3CI : Eu2+-^ytm^ (S r 1 _ y _ ^ B a y C a 
2) 5-xEux (PO4) 3CI 0. 01^x^0. 2. O^y^O. 1, OSz^O. 1) Sr-g-^. fti 

iEAMg2Al 1 6O2 7 : Eu^+^ytm^ (Ba i_xEux) Mg2-yMnyAl 1 6O2 7 i^'P. 0< 
x^O. 2. 0<y^0. 5) MIBx BaO*6Al203:Eu 2+^)t#:*SB ao. 73EU0. 07 

Mno. 20AI10. 9O17. 2*^*^ StrlE (Ba i_xEux) A 1 1 2 - y Mn y O 1 9 _ q . 5y^3fe 
(Bao. 86EU0. 14) Al 1 1. eoMno. 4 0Oi8. 8 0 ^^^^ HUlE (Ki_xEux) Al 
ll-yMnyOii. 07-0. 5y*3t^^MKo. SSEuo. 14) Alio 8 oMn 0 20O10 

im^mi 9] 

tfrlEm 1 (B a l-xEux) Mg 2A 1 1 6O2 7 (^f ^ 0<xgO. 2) bubE^ 2 cO#^ 

i^ifi (Bai_xEux) Mg2-yMnyAl 16O27 (^'^^ 0<xgO. 2. 0<ygO. 5) ^-^tf If 
1 8 fEtg(DSSo 
111*352 0] 

mmimSl±(D^ytUm (21) HufE^l<D^^^SU5tft|B||2©^^^*:$r*^3 0 : 7 0~i^8 • 9 2 0Sftlt 

m^m2 1 ] 

[fS*^2 2 1 
[if*«2 3] 

MfSmi©^3tflsSt5t&fE®2W*^i^:©/>/jt< <tt>-*>6S2«i^;(±©:^3t#:(D:/ f»*]Jl 3fe«c5 

ttrlEI8^^-r;f- K (11) i&HX^Lfcv'i/v (17) t. 

m^'>^/^ (17) i:«fnE|g*^-f:^-K (11) i: <D(?gtc:ifiBSti.fc»A»i|sf (19) i: Sr^ fe{^^^-e^^T ttf 
IE 1 a£A±co^5t«-^d5 1 ^£^_ho^3t^5.^l^^ ifc{;^^ 

a) Wl^'Mtftmmm^^if^'i :t- V (l D W*®(c^:^u$tlTl^5;i^ 

b) m^'^^mm^mxum (i 9) ffc^itLTv^sd^ m-'tt 

c) MfE*3fcflr;&5(tf|E->3i/u (1 7) izm^:^tir\,^i,. St*^ l lE^O^jSo 
[i«*«2 5] 

strfsw^feMBjse (5 1) srllx^-^s3^ii«■i-a/^^v=v^ (43) ttjiswigifeMPj^ii (sd <Dm:fj\cm 

BS*Vfc3Siim-§-«"W':/X (4 5) i:5r^^)»C-^tf. it*3S 2 4 lE^cD^So 
[if*«2 6] 

E u 2 +S14^l:^J*.^J5rt±j^ttfc:SStltd5^ 1 O t-i75g3tSEftSr±D, Mn 2 +S1^-ft:?PJ>6-fcJ!cm$tvfc«tlt*s^ 2 

[if*^2 7 J 

/N!J'v'>'i/ (4 3) 

1 tiicOU-^-X (4 5) 

4 2 0 nme^TcDf-i^^^ifeg^;^-^.^^^:!^!!! (i) 



(5) 

a) x = 0. OOOS.L^y = 0. 5 0 6. 

b) x = 0. 2 24^t/y = 0. 3 8 9. 

c) x = 0. 2 8 02it/y = 0. 450.agWr 

d) x = 0. 0 0 0&U5y = o. 7 3 0. 
llt*:]S2 8l 

wiasJcitai (1) (11) ^sr-^tf. i«*3i2 7ia«cDigjift-i-ao 

[St*352 9] 

HtrlS2£A±©t°-i?^3tife«©^^tC I EfeMSd5x = 0. 1±0. 0 5SO^y = 0. 5 2±0. 0 5-Cfc5. St* 
[f9*«3 0] 

firlEl«£i±©^)tW (1) (B a 1-xEu x) Mg 2A1 1 602 ri^^fl^ (^'f^ 0<x^0. 2)^ 

(Bai-xEux) Mg2-yMnyAl 16O2 7^^<* (^"f"^ 0<x^0. 2. 0<yg0. 5) t^m3 

0 : 7G~*^8 : 9 2 watJtX'S-g- Lfc:/ 1^:^ KSr-^tf . it*3S2 9|S«(D^a«-§-a. 
IS«*«3ll 

WI5»att;^5^1 8 : 8 2-efc5. Si*:«3 0ffi«ro3tilft-§-*io 
[s«*JS3 2l 

C I Efe*lin?3:ja?I^Ofl«6rtJctt«i-2.^3tC I Efeffi^SSr^U. MIBSSJ^OIg^iSTfEroC I Efeffi«ISr*i- 
BulE^^t^^^&^jS-^ife (3. 2 1) ^tfcMM (1) lcei|^UT«igtfeRS?^S«rtlci£11-r5Xai:Sr-^tf»^fefi?J^ 

e) x = 0. 0137ST/y = 0. 483 1. 

b) x = 0. 2 2 4 0JS:OJy = 0. 3 8 9 0. 

c) x = 0. 2 8 0 0^t)=y = 0. 45 00. 

g) x = 0. 2 8 7 9^it;y = 0. 5 19 6. t&XIK 

h) x = 0. 0108St;y = 0. 7 2 2 0, 
[lf*iS3 3] 

mW.Wl^m (1) imt/t^4:^-V (11) Sr-^tP. it*JS3 2lE«ro:*rfc 
[iil*«3 4l 

ffrlB^^t^'l' K (1 1) cot"'-^^^il6ft;i53 7 0 — 4 0 5 nmO^HrtClfc'?. tfrfE#A<*:!^*?i-g-^ (21 
) <Dm^C I E-&mmi)^x = 0. 1±0. 05Rriy = 0. 52±0. 0 5Xfc?). sf*^3 3lB^<D*^lSo 
Ilf*«3 5] 

a) AMgA 1 O : Eu 2 +^)ti*: (^"t". AliB a. C&RXfS t (D imZl^^-^t^) . StJS 

b) DPOC 1 : Eu 2+^^^^ (^tfj. DttS r. B a. C a SO^M g W 1 «EJ(±Sr-^tf) 

to 1 m&.±t^hmii^n^m i <^#^flc«&*i:. 

c) AMgA10:Eu2+, Mn 2+^3t<* (^+. AttB a . C aSO'S r © 1 «tA±Sr-^tf) . 

d) EaO*A10:Eu2+, Mn 2 +^^^ {^^^ EfiBa. S r RrJC a (D imU±^^tf) . 

e) EAl O : Eu2+, Mn2+^^flJ (^cf^^ EfiBa. S t RlfC a imU±^^ts) . ^tJ' 
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(6) 

f ) GA 1 O : Eu 2+, Mn^+'^yti^ GitK. L i . N a St/R b (D 1 ati±§r^tp) 

til*«3 6] 

SfflE^iro*3fe#:«&*tm^2<DS:^fr«&*t^^?l'g-i-5mifaiS/J^ (Bai-xEux) Mg2Al 16O2 
7 (^"t", 0<x^0. 2) i (Bai_xEux)Mg2-yMnyAli6027 0 < x ^0. 2, 0 

<y^0. 5) ti:m3 0 : 70~*^8 : 9 2 CS»J:bT-ii-a-r5 ^ t ilr-^tf . ft*^! 3 5 
[!S*«3 7] 

BufESfiit:i5|1l 1 8 : 8 2T?fc?.. it*:«3 6|B«CD:fr&o 
[ft*«3 8] 

mrlE^^^^-f :^-K (1 1) Srv-^r/u (1 7) rt}ria«-r^pX®t , mJlEv-^/v (1 7) t'^AWi^ (1 9) <£r^« 
[if*«3 9] 

b) mm.mp<un (19) 4^»;HuiE#^fls:«&*s-g-fe (21) ^n^^^^jin. m^tt 

[it*«4 0] 

BfrBE^7fefr*&*ii-^^ (2 1) co^^c I E&mmt^c i E^fESt^BgaMotsJ^rticiteL. ttriaegiaji^cois^ds 

TIEOC I Efej^«^>fr-r?). tl*«3 2fB«©::fy&„ 

a) x = 0. OOOStJ'y^O. 5 0 6, 

b) x = 0. 2 24St/y = 0. 3 8 9, 

c) x = 0. 2 8 0SU^y = 0. 4 5 0, 

d) x==0. OOO^t/y = 0. 7 3 0. 
[tf*«4 1 ] 

MIEfigl^Sil (5 1) tr^mm^m^^C^i^^i^ (43) rt(::iBSi-5xasr^tf,{c-&tf^ if*^4 0IE«©:^fec 

[Bi*^4 2] 

I E^^Sr^i-S, ^*3S3 2|E«©;^fec 

e) x = 0. 0137St^y = 0. 4 8 3 1, 

f) x = 0. 2 0 9 4^t/y = 0. 3 9 5 3, 

g) x = 0. 2 8 7 9StFy = 0. 5 1 9 6 , MT^»;i 

h) x = 0. 0108Sl/y = 0. 7 2 2 0„ 



[00 0 1] 

*?g|?fi-iiS:»cefe3tRg|^^et-B§b, *fls:e<j{cfi, |g3fe^-r;e— K ( TLEDj ) *-f>;gcm$ii.fc^^i8SSrefe3t 
[0 0 0 2] 

^^T^^2>o S. NakamuraM, "The Blue Laser Diode" 10. 4M. 216~221 
M (Springer It, 1997 



(7) 

■?-#FSLED-efe!9. ■^%Witi<,Y 3A 1 5OI 2 : Ce S+o-fei; i?AmiP-r-y AT/V 5 ■> j/ 

h ( rYAG:Cej ) T-fc5„ L E D iJcdd ^i^fc#fe3t^i^3t^Sr^ilig LT^&5t*J5:i±i $-^5. LEDy4>fe 

[0 0 0 3] 

bd^-U. »feLED-YAG : C e ^)tflJ<0 efe3tR?,?^^®(4£AT©MM5:*-r 5c L E D - Y A G : C 

e ^yti^mmit. Xm^\^\!^^-ti 6000~8000 K<DffiHrt<Dll5^^'feia*StFiKl 7 0 ~ 7 5 <omM^^£i^^^ 

m. (CR I) ^r'fi-r^e&^^^-f lfe«i-Jxtf. rro^e«ofe*Xf*6Mli(i0i fc^i-c i EfeSIHT-e 00 
okISlXIBo 0 OK<n^mm.(nfS^(nmW-Wm ( Tbblj ) (dPSLrfia-rSo :iwg«ofeig.^(t. 

[0004] 

^m.m^VcMiib^< OR I ©Jti;5«)<g:V^W#.LED-YAG : C e ^3t#:figBJSiett@*ro,^,PJrtT»OW^lc:(iS:A 

g^^SSr^ftfc ^Jxfi. A\:^(om^\-t—m^^ 0 0 o~4 1 0 0K<D^Hrt(OfeiasSr^i-5^«^^ff^> 3 — c 
/■?©je^f4— jisfrcR I :eiS9 o$r±iii5iiesr*ftPo 

[0 0 0 5] 

E! 1 fC^i-^SffiSSO^C I EfeSHltt. K. H. Butler, "Fluorescent Lamp Phos 
phors" (■<:y^yJ^^'^=^~T'^M•iLiZ^\i!Mm. 1 9 8 0) 9 8~ 1 0 SIJ'G. B 1 a s s efdl, "Lum 

inescent Materials" (Springer - Verla gtt. 199 4) 109~11 ORjiif 

(-f-?it?^. #„*C) (4. 7°y>'^'©:^SS:E (X) =AX-^/ (e (B/T) _i) fcit^^c ^'f, 

CR 1(41 0 Olc^Ui/^ 
[0 0 0 6] 

#-feLED-YAG : C e^)t^*gttcOt. 5— oa^SBffi^ LEDWfeffi;:'] («^J;t(4\ ;=^-<^ ^/vtiJ;^l^*Jfe.^J«t°- 
^^3t)g*) ;6SLEDS't4M'0/<VK^^<y7'i|S:S,tJ«LEDle:MB$H5^;^i:*(-^'ft;-r?)r t-efcSo 
H^cO/^^K^-Y y:/tS#ma<Oi|Si:^/hM;Je?)ffittMSr^i-?)LEDd5-;£(DJt*T-Si5t$tv5o tSoT. t^t^h 

t,. LED<0»)'f^^tCLEDtcEn}!)P$tt-5^;'3f4Bfa<^{Sd^b(4-m5.r i:d5#*fcSc r ^^t> L E D<^^tt3;'3^5g^ 
[0 0 0 7] 

WfeLED-YAG : C e«^^^«05^ai;^J4x L E D 7 V'T'lSig^tca* bX^^jB6<)d^o 0 ^6*)^^ 
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(8) 

AG : C e«^{*:<D|t6ffi;^*S«f&tr/j:5fc*> LED-1ttftim^mmiinmit)^^XM.^io 
[0 00 8] 

[0 0 0 9] 

4^. *feLED-YAG : Ce^^flc^Sf*. i^feit t Hfe^ti: ©^^«I^C|^H-f-5^^^-^!I*t>*-t-» LEDf±, 
[0 0 10] 

:^^m<0—mm\^Xfi(i. ^^it^-Y^-Kt. **)5 ? 5~*^6 2 0nmc^f— i>^^jS*Sr*-f-5Bl<7>^3t*t^i: 
. mi W^^Wi^ittS=^i2)*t)4 9 5~*^5 5 0 nm<©t°-i?^3tjK«tr*i-5m2 0^^Wi:. mi5:U«m2© 

^itw^i:ttm^i^*^4 2 o~iK4 8 0 nin(D\z°-^^yt&^^^-ri^3<7:)^^u^t^^tiB^ytmmmui>m 

[0011] 

:^^mmmmmKXivi,-£. smmsi^'^^yti^^-^t^'^&^^yt^^i^-^^u^^h'xh-ox. 3 e o~4 2 0 nmote 

iaF*9te:t°-i^SftSr*i-5Alt*fe*tlcjS;^g:bT^5fe*^:^^vK*^e5«cai$tb5e&3t*^ 0 0 0~6 5 0 0K©ffiH 
rtcofeii.*. 7 0 ^±13?) OR I . SUf2 0 0 1 m/WSr±lEl5«iSSSr=fr-t-5 Sfe^^t^Jt*::^!^:^ KdSffi^^Jv 

So 

[0 0 12] 

miOAPO : Eu 2+, Mn (^'P. AfiS r. Ca. B a STJ'M g CO 1 ««±tr-^tf) 

a) AS i O : Eu 2 +^^^1 (S;'^', Af4B a . C a . S r SU^M g CO 1 aeA±^-^tf) . 

b) ADS iO : Eu2+#3tfls (S:*, AttBa. C&RXfS T<Din£k±^^^. DttM gSU'Z n© 1 a£t± 

c) AA 1 O : Eu 2 +:^3t^ (^tf:^ AttB a , S r SO^C a (O 1 a£;l±S-^tf) 
<D 1 a4iA±*> j^*^ $ i^S m 2 t , 

d) AMgAlO : Eu2+^%^ (^^^ AfiBa. CaStJ<S r (D lUKX^^^ts) . 

e) DPOC 1 : Eu 2 (^qn. DtiS r. B a. C a St5M g <0 1 ®tA±5r-^tf) , 

f) E0*A10 : Eu2+^3t^ (^^, EttBa. S i RXfC a <D im&<±t:^ts) 

g) EA 1 O : Eu 2+^^«E (S^tf, Ef4B a. S r jitFG a <D 1 ffi£i±Sr-^tf) , St/ 



(9) 

h) GAl O : Eu2+^3t{$: {^^^ Gf4K. L i. N a SlTJ^R b W 1 a£i±Sr-&tp) 
<r> 1 $ ix 5 B 3 ro#3fe*lc i: 

[00131 

5 5 0nm©f-<5'^3tSiS^*r-t-5ll2©*^flc«&*i:. 2 0~*b4 8 0 n m<0 t'-i^^Jt^SSr^-f-Sm 3 
[0 0 141 

[^?«<^iii6wj^<ii] 

^:*sM^bv\ J5cltaS-ll?t«-3|sHie©fem;^7*5iii:ltag m^iS.. led) ;b»e>«:m$Jv5*-l:<0nI 

. iff* L< *4ff6>«&5l;Xf45E««&5feC0ff^S©'^^tf Sr^-^-rSo 
[00 151 

m.m.t-^hWi\h^h.^&^%*^WiMm. C^J^tf. led) ;6-fe.J5ttii$tvS*i:o-5rW^^>Sr^4''i(t*vfi. g«(Dfetil 
;'3tt^^*ti^oJl$lc:J;o-c^E(-tt^'(t;L-j^ev\ ^SoT. ^)tW^ (tfij^tf. L EDjfeWcoS 

[0 0 161 

ZbXh^. mx.lt. Am(OSI,ZiiM.x.^£^^3 8 0 nm^T(D&m%:^ir^mf^^ (UV) ilriJcm-rS i 5 L E D 
^1#fifei-*xfiJ;l'\ ^fcl-. Ar»g<^@f±SE*3 8 0~4 0 0 nmro^^i»St/ifeft4 0 0~4 2 0 nmC5^fe)tlc:f4 
^faafiStiST?/^^^ «e-3T, LED*='e>^S[m$tb5SfeSt<0&ft*S4 2 0 nmWTroi:#»4. L EDd^feijfelll^ixSSJc 
#t;65^^^5rjiiii-^2);!)-5A^SrPp^*^-r. L ED— ^)t<^3gScDfem;^ttllSte*);tei^«SrS»t''i< ^CSo :iixf4^ iScft 
j^4 2 0nmeJ^T<Ojfelt(4AW«?glC»ilii:/^fl.;t/iV^fc«)-Cfc^. 
[0 0 171 

SriTfcSc M;?:tf> LEDtJM 2 0~6 5 0 nnKD-er^^SrSfedbi-^^l-^ ■^3t^roJi:$d5ii«(Dfettl:tll-^ 

[0018] 
[0 0 19] 

SSrSji-fb-fS r t 5. «SJ^»i, :1b*rtT«-T?M* U>/^ 3 0 0 0~6 5 0 0 K©feia«. 7 0 $r ±02. C R I ^ 
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(10) 

7Jy^>zi.v4 hmtLXit. 4 0 0 0~6 5 0 OK£Dfe?£S;65i]^(-M* bV>o S"J)*i: LT. B — u-y/<-i^ 
#T-M*bl/^3 0 0 0~4 1 0 OKCDfetaSx 9 0^±[i]5CR 0 0 1 m/WSr±lHl5^^SiSr*-t-§ 66 

(0 0 2 0] 

**I5 7 5~6 2 0 nm<D^Hrt{Ch°-i?^^jSft?r^1- OHfe^^t^*^, **I4 9 5~*^5 5 
0 nm(Dteffll^lCt°-^^3ti^ftSr*1-^^2 0#f^fe^3t^3t<*:. SUJ*^4 2 0~**)4 8 0 W f-t^l^^t^fe*?:* 

{C. P,BJ^B(DCR I ^Sit)5fci6. «*J6 2 0~i^6 7 0 (De-i5'|63t&ftSr^i-5m4 (0#fe%)t*3tf^s*ffE^ 

[00 2 1] 

S2tt±faro®aSrm^etfw^i-c ia2-cn. LED©J:5Jfc»r#«ild>fe*5cW$tvfcJjclt2*s, 3 aiS<o|gitt^)|sf 

it. 4 2 0 nmlJ>(T<Ofe«) SUfeT'fi. ■^3t^*:3 fl^E<Ojfc#t 2 5rS>5fffi!l{-ilii 2r 

mi-n^c. Altbfc^Jctt2^PiiHXUfc:^. ^ 1 cQ*^(i|stt5 7 5~6 2 0 nm(0«iHl^tc:t°-^^^&ft^;ft-r5S 
&^4SrJicmL. ^2CO*5t«Jf±4 9 5~5 5 0nm(D«5fflrtt-t^-i5'^^&SS:^1-51lfMi6^5^^jcmL. ^3 
C0*^mi4 2 0~4 8 0 nm(0®H;^(-t°-i^^^jKft^^-r?.»fe3¥;6SriS:ai-t-5o Il4 ©'^3ttt:^5;i^ffi-t-5» 
-a-s 6 2 0~6 7 0nm©^Hrti-t°->^^^jSft>|rWr5#fe3t7^Sr^femi-?)o M^#8tt, «E6^4. Wigtfe^ 

o 

[0 0 2 21 

[0 0 2 3] 

1. j>fe»fjlS 

[0 0 2 4] 

*t9?rJi:a§-1ir5LED*^t>/^5t>05TS>ntf J;V\ mx.tt. LEDfiSUl I I -V. I I -V I Xtt I V- I V 

^mi^m^muti.. 3 e 0-4 2 onm(D^ytmM^^-ri^m-^y-(:t-h'i^ib^j:^h<r>x'Xi\ mx.it. le 

DtiGaN. Zn S eXIiS i C^t^^^^S^i-i-rS m±ro^^^€Sr-^tft>OT:-t ^fc. MSlrit^CT. 

LEDf4Sti|g^rtt;il&l±©fi:^-#F^-^A.-CV^Tt>il/\ Jf*L<(±, L ED©S14|giK»iG a AlGaN 
^tt;5/Xf±I nGa ni|^^flJg/5»fe^i5p-n^-e-Sr^A/-CV>Tt>iV\ p-nS-^H, K-T* I n G a ng 

XiilSJ.±0:>l nG 3i nm^^^xmmi^XhX\^\ LED it. 3 6 0 ~ 4 2 0 n mO^fflrt. ^f*L<tt3 70~ 
4 0 5 nmCO^Hf^. *t,if * L< « 3 7 0 ~ 3 9 0 n m<^teiat^tc:^^)fe«i|-*b#5o tctcL. ^^^^^4 2 
0 nmit) t*</^LEDSr. L E Dd^fc<^i5:m3t;i5^7t^^ilii U^tCV^ J; 5 ^<CJ¥$<^J¥</^*3tft:i»ffl LT t 
LEDtt3 7 0. 



(11) 

3 7 5. 3 8 0. 3 9 0Xf44 0 5 nmCDj; 5i^i^ft^*U#5o 
[0 0 2 51 

^m»^yt^^7i—V<o?^\zm&^h,:^i\^\ m^i-t. iJcttWJii^-i^-^-i'^-KXtt^aig^i^^'i'^-K (OLE 

^\ 

[0 0 2 6] 

2. ^ 1 O'^^'fe 

Hiro^^tW^fi. S5cltMl/i^broAtti*W2tCJ$;«LT*^5 7 5-1^6 2 0ninc7)f-^'^5tSSftSr^-t-2)-5r^)t 
?r:fefettl-r5^?fe'*x-fcntf SfeftMi e o~4 2 0 nm(^®H;^l^tf-^^^JSft5r*-f 5 L ED*^fe?i5 
mi(D-^%m±. 3 6 0~4 2 0nm(^teHl^l-t°-i^&ft^Wi-SAtti!Jc*tJ;i»L-C5 7 5~6 2 0nmW 

[0 0 2 71 

»^L<t4s ^l(?3:i:^'«s:ttAPO : Eu 2+, Mn2+ (Si^', AfiSr. Ca, B a ^fctJM g © 1 «et±Sr-^tf 

#^'fls:A2P207 : Eu2+, Mn2+$r-^tP, ;6^;6^5^3t^f4. (A i - x - y E u xMn y ) 2P2O7 
4". 0<xS0. 2. 0<y^0. 2) i:»< ^ i: ^s-t?# 5, »^b<ttx A(4x h n >'5^!?i.-i';*->'-efe5c 
*5tfls:(4. LED*^^J5cUi$H5 3 6 0~4 2 0 n mW^Hf'H- 1°— ^&*Sr*'t"5 AM*fcMl-*H-TiSV^a^SS. 
Xflm\'^*^^m^m-r^<^X\ LED;^*tJ!Iffli: LTiff^LV\ SUfet UT, :^ 1 Wt^t^^ttA 3 P 2 O 8 : Eu2 
+ , Mn2+ (^4^, AJtSr, Ca. B & RXJ^M g (D 1 ml^l±i^t^) t^h^£^h<^Xh 
[0 0 2 81 

E u 2 n 2 + ^ K-:?" Ufe d y >mT/V:«7 y ±«^JSJfe#3t#:-et4. E u ^ Vfi-^lCiiiSSJ t UT 

fflb, Un^:t:yH-m\'iS^itmtL-Xifm-t^c -r^iioib. Eu-l':^->{4*i:ttMA^fei!5citi$HfcA#t^^/V=¥- 

icJ:oT®)M4^^lClSfefen. A'l':i->'*5s r ^e-Vd^Cj^S 5 t 5 7 5 nm*^^5 9 5 nm^-C^-fti-?) t°- 

^^6SSrt>o♦Bc^J£v^^Sc*^^<vK^^^:a■t-?>c BiJfet LT. Atts o^/v%cds r -I'^t^i 5 o^/vroCDMg-i'^^' 

d='fc7^i5tj©i: APO:Eu2+, Mn 2 6 1 5 n f-^feftSr^-TS S r M g P 2 O 7 : E 
u2+, Mn2+'t^#:i:/j:?,J:5lcLTt>J;<'\ 
[0 0 2 91 

3. ^2CO^itiii 

^2<Dmmmi±. ;^*tjSld-fe<^AttiJ:lt2tc:jCS;«UX*^4 9 5~*55 5 0 nmWf-i5'^^&ftSr*i-^^^^ 
Sr»ai-r-5:^3t*^Tfcixtf J; V\ iJcltJi 1^S360~420 nmro^Sfflrtf- 1^"— ^'^^tiSftSr^-f-S L ED*>bJtC5 
^i^. m2(Dlktftmi. 3 6 0~4 2 0nmW«5ffll^t::i^-^'Stft?r«-t-5A#tScltJw*tUT4 9 5~5 5 0nm<D 

i6Hrtt^t°-^|g^^S«MT^^ci«l^^S»^iS*SU^fi^^^*^^*i-5iS3^6*)^-A#Wtg^j^*?^^ 
[0 0 3 01 

— :>tt. -'ffi^'> CI f-J? At?«tt'fL^Hfc^-1'SET/V* V ±«^M:fi^*i*A S i O : E u 2 + (S; 
4^. AttBa. Ca. S r ^tU^M g W 1 «iit±*-&tr) T^fc^o »^U<t4. A S i O : E u 2 +^3t^f±m^A 2 
3104: Eu 24-$:;frt. AJ4» 
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(12) 

*L<Ji6 0%Jei±OBa. 3 0%eiT<DSr, 0%g;TWC a Ad^B a X«C a d^t,;^^^^. 

^3tfl^©b'-iJ'^Jtjg«|±*t|5 0 5 nm-(?fc5. Ad^S r d^Pj/jrS^, ^^ft:(Dt°-^^^«ft{i**) 5 8 0 nmT? 

-Y :^>-*-^tf B a ^ Hrl^t^h^ii^. 
[0 0 3 1 1 

#:(4 ((Ba, Sr. Ca) i-xEux) 2Si04 (^4=, 0<x^0. 2) i:»< ^ ■J^-l'gtT/V 

-g-*:7y s/i^;^'(t-g-!^ (^Jx.tf. BaF23^f4EuF3) d^feSA Lfc^:J^*CD7 -y^Sr^A/T-U^X t J:V\ 
[0 0 3 21 

^®mtO-i5^-i7o f'?i.^j£t4'ft^tLfc'^-l'@fT/V;&y±m^JS^M:^frADS i O : Eu 2+ (^c^i, AttB a 
. CaSO^S r Oia:^±Sr-t-;^, D(4M g^O^Z n 1 ««±Sr-^tf) 2 <D*^{^ t UXS LTl^S. $f 4 L 
<f4. ADSiO:Eu2 +#3tftttMlKA 2DSi207:Eu2 + ^^-^5. t°-j^%^iK:R^ 

[0 0 3 31 
[^11 
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[0 0 3 4] 

B^M©f— ^&*Sr#^fc:J«t>. Att*t>if* L< HB a 'l';^->'©;^Sfel^(±.'>»WC a 3if4S r ^:^>'^-§tf 
[0 0 3 5] 

(Ai-xEux) 2DSi07 (S:^. 0<x^0. 2) i:»< ;6SX# 5o ^^'T ®5T/l';«7 y ±|g^JSig:^ 

i^M\L%^ mfL.^. BaF2XttEuF3) *>feMAbfc^>l:(^)7 s/lSSr-^A/Tl^Ttj 
[00 3 6] 

"ffi^e'D f^J^AXlStt-fbStlfciT^v^ >'^T^l'*y±S^J||:S^^«:AA 1 O : Eu 2+ (^rfj, Af±B a 
, S r XIJ^C a O 1 aKi±Sr-^tf) 2 UTfflV>5<Otcig LTV^S. i!f^L<H, AA 1 O : E u 2 + 

ik%WnM.^KA 1 2O4 : Eu 2+^;^L., Af45 0 %]eX±c7) S r;d^fc:^Ci9, $f$L<tt8 0%t;^±(DS rSt^2 
0%etT®Ba/6^fe>:^i5, A;iS S r d^fc^iS*^. :^^<*©t°-iJ'^^ifeft(4^tl 5 0 5 nm-eSb-Sc Kt^Sxt-^h^t 

[0 0 3 7] 

*3t^fi (Ai_xEux) 2AI2O4 (S;^'. 0<xS0 



(13) 

[0 0 3 8] 

^-j7nf'?i^T?}S'tt-ft;$Hfc'^-YKT/l-*y±ffi^Jl:S«3»t#:fi, G. Biassed, "F 1 u o r e s c e n c 
e of Eu2+ Activated Silicates" 23 Philips Res. Repts 
. . 1 8 9-2 0 0 (1 9 6 8) (-5:<^IS«rt^f4gffltr J;oT*M*|BS=«>-eSSr5fei-) lw^»clE«SixTV>5o 
rL^^n f e^AT'Stt^b^ixfcT/V? V^T/V* y ±^^JRi^*?t^*»4x G. B 1 a s s ete, "Fluoresce 
nee of Eu2+ Activated Alkaline— Earth Alumina tes" 23 
Philips Res. Repts., 201~206 (196 8) (^:©IEifertSf4gfflt-i:o-C*l^*|B§® 

[0 0 3 91 

Vg5:te*3tfls*='feJi5t.<^-efcoT'bJ:V\ fi»Jx.«. :il 2 <^:^^{^f4A S iO:Eu2+tADSiO:Eu 

2 + i <Dffi-§-&. AS iO : Eu2+i:AA10 : Eu2 + t ©ffi-a-ti:. ADSiO:Eu2+i:AA10:Eu2 
+ i:<Dffl-e-&. ^VMIAS iO:Eu2+i:ADSiO: Eu2 + tAA10: E u 2 +<Dm-a-&t?J:^\ ilBO^ 

[0 040] 
4. ^.^^cn-^^.fe 

^ 3 (D^^>fe*tipH4. Jfe*tMl*='fe<OA^;feJc*t2lCJ^;^bT*^4 2 0~i^4 8 0 nm<De-i5'^3tSc«Sr*-t-5"5im* 
=£r]^m-r?>'l:)t^r-fctv(i ikmmi*^3 6 0~4 2 O nm(;?fiiiartlc t°— LED^^fe^iS 
^3©:t?t^fi, 3 6 0~4 2 0 nm©®fflrtl;it'— i?S*Sr*i--5A*tii:ttic:>5tLT4 2 0~4 8 0 nmCD 

v>. 0iJ^«fs TIB©2a^»G>iSm«jlcA#Wt6ncEu 2+stt>fk#)tficA5-roSi|lfc®'e-i-5. 

[0 04 1 ] 

4 2 0~4 8 0 nmro^SHrtl-t^-iJ'^^tigftSrWi-^^ScDm^^^-^lltt. -ffi^xi^o ATStt-fk^ttfc/^ 
o y i^SfiS-^itf^sD P O C 1 :Eu2+ (^ifi, DJiSr. Ba. C a .RU^M g OD 1 fllUA±Sr-^tf) "efc^c DPO 
CI : E u 2 S^6^{;iA^^tg'fc fSECAj *3fe*l^D 5 (PO4) 3CI : E u 2 ^feS 

H"-^'«it«Stt4 4 7 nm-Cfc5o S r :^>'SrB a :^-i^-ea^-f-^^t^ f-iJ'^MS^SMtSAiBllfc^ii) 

5 r ^e-^-^rC a.Y:*-^T*^i-h-{4t'-i?^3t^>ftJS*ffi!U:i^ibi-5e 0*J^f4. 5 ^/l-cD S r -< 5 *> 0 . 5 
^/U5:0. a'r;r>-T?tt^-r5i. t°— ^^3tt44 5 2 n mtC^Klf ?)„ 1 ^/V© S r -l" ^^^Sr 0 . 5^ 
/v©Ca-l':r>'jat;fO. S^/VOB a^'3^>'•eeife■t-5t. tf-^«^f44 4 5 nml::^i!|-t-?>o =ee-=>T, bV^ 
SECA«3tf*:ffl^tt (Sri-y-zBayCaz) 5-xEux (PO4) 3CI (^4^. 0. 0 l^x^O. 
2. Ogy^O. 1. 0^z<0. 1) T?*>t). ^fF*UV^f-i?^3tiS«tt4 4 7~4 5 0 nm-CfeSo 

[004 2] 

4 2 0~4 8 0 nmO«6Hrtl:if-^^*fe*Sr^-t-5ll3©it)tfl£<OgiJ<D^J»±. n f ^7 AT-iStt-fb^iXfc 

r^V5>'^T;V'*y±^^SJ£'^^fl£AMgA10 : Eu2+ DttBa. C a St5S r (D 1 il£A±Sr-&ti>) 
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(14) 

5o »*Ll^BAM^Jt<*:0-of±AMg 2A 1 i 602 7:Eu2+ (^c|3^ AH9 0%SX±<DB ai-f:i- 

V=Sr•&^f©A5^if 4 LV>) i©< r r rott?t*l^fiffifiS; (Bai_xEux) Mg2Al 1 6 02 7 

> O^x^O. 2-efe'9. $f^L<f4x = 0. 07-efc5) Sr^-r^o JBUfeir L-T. B AMtt^/VJtB a M g A 1 i 
oOi 7 : Eu2+§r^-r?)o BAM«*#:f±. ACD*&^a5tt:»-E u 2 +gt±'fk^J*s#^i-5fc*. ^^4 5 0nmfC 

[0 0 4 3] 

4 2 0-4 8 0 nm©^|lrtlc:k°-J?^*iSft$r*i-5m3(D*^#:<;DSlJ(75Mft. EO*A 1 O : Eu 2 

EA 1 O : Eu 2+:t^^^^it;?/X(4GA 1 O : Eu2+^3t#: (S:t>. EttBa. S v RXf C a -< :ty(0 imJik± 

m&'^^i^^'stfc $f*L<tt. E{iO~l 0%(^S r XfiC a'l';d->'T-B^$nfcB a-r;i->'d>t3jfei9. GfiO — 
10%<DLi. NaXitRh^:tyX'm^^intcK^^tSo »SL.<fi. E O * A 1 O : E u 2 z (B a 

O) *6Al203:Eu ^+Xt±z (Baj-xEux) 0*6Al 203 (^tf". l^z^l. 8, O^x^O 

. 2) Sr-^tfc EA 1 O : E u 2 +:^)tflj(tB a A 1 i 2°! 9 : E u 2 +xt4 (Bai-xEux) Al 12O1 
9 O^x^ 0. 2) ^^t^(DT!)mt. OA 1 O : Eu 2 +:i:^f^(4KA liiOii. 07:Eu2 + 

Xf* (Ki-xEux)AIiiOii. 07 (^'^'^ O^xSO. 2) Sr^tfCDdW* EO* A 1 O, EA 

1 O&rlGA 1 O-^^^lsfiv UT(O0mXMi : A. L. N. S t e v e 1 RXfA. D. M. Schrama-de 

Pauw, Journal of the Electrochemical Society, 123(19 
76) 691. J.M. P. J. Verstegen, Journal of the Electrochem 
ical Society, 121 (1974) 1623. mxfiZC. R. R o n d a^O^B. M. J . Sme t s 
Journal of the Electrochemical Society. 136 (1989) 57 

[0 0 4 41 

li^-cfi. m2<o-^mmi. ■fexfi-E-oitb©^^#ttsr*ag'fii-r5fcfe. mm\z^>cx. seca. ba 

[004 51 

5. feMom4(D-^».^ 

I S:55cS-rSfcit>. ^1. w,2Rnmza:>'^^w\^m^\.xh^^\ c-Ri\-tik%wt^h<r>m.mTX(D^^^tmw 

^*>^><oe6^tt»fls*>fcoefe)t{C-Si:ja-^<„ »Stail:i53 6 0~4 2 0nm©«ifflF*3tc:f-^^g^ifeSSr5ft- 

•r^-LEDt^hti^^. %2(Dm.%m-t. 3 6 0~4 2 0nm©^iai^}rf-^^fi$rW-t-5A«*5cltic*fLT6 

[0 0 4 6 1 

mTLtf^ 7yV;^uy/W=e7A^^:i:^^tt7/V;ro'>-Vw-7=e'A®E-^j/;^;i/[>A^3tft:MgO* F *G e O : 
Mn4+ (»*L<fi. ®3SI6<»lCA#^1|5fe 3 . 5MgO*0 
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5MgF2*Ge02 :Mn4+^)t,f!^) t:^tJh(D^i> Z<D^%m-i. 6 2 3 ~ 6 6 4 n m<DF^t^Si&-e 

[0 0 4 7] 

6. K 

7^^m(o»^L^^-mm^xi\,ti. f^i. ^2, ^3. Rtf^M^^<Dm4(D-^t/tmim^\.x\^^?>. ftt»*L< 
fflv^bJ^^sc#^ai(D«s^c»#-r5o fc^-u. ig2. ^3, Rxmm^^<Df^4<D^%mi. ^^m-h<D¥t% 

9 (Dffi-&-a:;i5^^^ 8 I:: e < i 5 ICT' u-^' Ki" "Cfc 5o 
[0 0 4 81 

SiJtfei:bT. ^1. ^2. :^3. RU^;t^^5-(D^4<ott3t«Jfii*ltagl±t-?^^$H^S'J«©«Sr>fei-wt t>T-# 
[0 0 4 9] 

[0 0 5 0] 

1 (Djf* Lt^li^lC'^S^Jt^:/^:^ Ktt. L< (4 3«S£A±®*3t«^5r^^. 360~420nm 
0®ffll^l'f-^'jS*Sr*-t-5)Alt*5cMXHSbeSclttwj^;^L-cm5t^:/uv K^^t5;gcffi$i^S Sfe^fi; 3 0 0 0~ 
6 5 O 0K<^®ffll*9CO-feta^. 7 0^±|h1?>CR K SU52 0 0 1 m/WSr±Iel5^^SSr*-r?)o L-< 
tt. :rV>'K(Om^*<*2 6 4 1 m/W^±[Hlt). #.t&«fi 3 3 0 0 ~ 4 1 0 0 KO^teHrttdfc?). *'b»*L<tt 
. m^«fi2 6 4 1 m/W?r±lHl?)e 
[0 0 5 1] 

'ir^ggT/v*y±S^JRifeRt;'SECAt?i55, mi<o$F*bv^^«tc#5::^i^>'KroffifiS;fi. ^5 5~*5j7 5fiS 

%©Sr2P207:Eu2+, Mn2 +#3tfli, 1 1 2 2m*%0 (Ba. Sr. Ca) 2Si04:Eu 
Z+m^'ft:, &U!**J1 3~l^2 2**%(D (S r . Ba. Ca.Mg) 5 (PO4) 3 CI : E u 2 +^3t^^-^tf 
[0 0 5 2] 

*l6PJro^2cD$f*LV^fil1t{-'i»5i«CR I ©m^tfl^yi^^KH. ^^\^<\-i.AWm^k.(Dlk%^^^^. 3 6 0- 
4 2 0 nm<73«5iarttCt°-^jKft^*i--5AM*5cltlC«::;SUT*)t«:y^i^K*^fcl»ffi^tb5efe^^^ 0 0 0^-4 
1 0 OKWjSfflrtco-feig.^. 9 OSriiaSCR K St/2 0 0 1 m/WSr±lHl5)^i®gSr#1-Sc $t>-*f*b<tt 
. y^w>'K(^^lSfiEf42 6 4 1 m/W^ilHlt). #.^f4 3 3 0 0~3 8 0 OK^^Hrtt-foSo 
[0 0 5 3] 

*|g|^©m2©»*UV^IS«JC#5*f^UV^Ml. ^2, |g3^i.t/^4<D^3tfl£f4. y v-fg;*. h n 

"^ix, -jr>CiST/l'* y ±«^*ifix S ECA^t;^7/l':^t3y/W=^!>A^-7i/^v-!?AT-fe5„ II 2 (Ojf * H/^flg1t 
{ill-^^yi/^Kom^fi, l~*^4 3a4%(DS r2P207:Eu2+. Mn2+^5t{$:. 9 1 5fi» 
(Ba, Sr. Ca) 2S i04 : E u 2 6 1 4«»%0 (Sr. Ba. Ca. Mg) 5 (P 
O4) 3 C 1 : Eu 2+*3t^, STJ5if^]3 0~*5j7 lSfi%(0 3. 5MgO*0. 5Mg F 2 * G e O 2 : Mn 4 + 

[0 0 5 4] 

ffibTtJ:V\ mX.\t. LED£i(^1-©*fe*taSl-*l-LT(l, 2 5 
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(16) 

tV^i>fe7V7°St/7°7X-7T^^;^7'U'-fffli^(C^fflU#5c *^7i^7-C©7K«S;t/;^^itf4 2 5 4 nm© t°-^§i)t 
[0 0 5 5 J 

7. MSSMa 

[0 0 5 61 

[0 0 5 71 

LED^-yr?"! Ittv-i/H 7 (DrtlfBtCtfA^tl. v^i/H 7 HL E D'f'-^'^^S.U'ifl-Altilsl- 1 9 5rHtfc ^*L<tt 
w^ffid^v-ai^n 7^/i-rj; ?)lcLTt LED5^i/:7"i 1 (4, y-K7u-Ai5. gst-ttfomn. 

[0 0 5 81 

RSI^^«©^l©»^bl^1»5t(4. Bl. ^3SD'ftSfiK5><7?^40^^fls*-?>^<C5^)t^*S2 1 Sr-^tfo * 

^#:S2 1f±, :^1> »2. m3S.tPffijft^^J-<D^4(^*^{*«&*i^-^*-r5!Sffi?SSrLEDf^-y^l llcM*LT 
$t«li-5ri:»cJ:oT, LED^^s'T'l 1 ©3g3feffiO±*3ll4l6^ffi±lcfi«?1^fi!cL#5o ■^^fl:«&^f4@ 
?i^rc)^^#:SXf4lSJil2 1 ^M^i-^o v'ai/H 7RV^m?.mm 9Ht^-rnt>s efe*2 Sdsr^vt^co^^triiil 

[00 5 91 

1114(4. *?§0J(Omi(O«^±L.l^llJSfl^^(-#5.iSg(^M2tO^ff^LV^«jt^^i-o LED9^-y7°l 1 ilC^^tfrM 
^Ji^fife-rs^-tiPJiiM^tfr^&^^tt-AWi^l 9Wf^Si5(cSSrftS-li:fcASr^(tf4> ll4©«jtf4|113CDt)roillD-efc5) 
c m 1 (O'sk^i^nmi. itAWl 9©^-ffl«l^tci^l£$-lir5ri:t-e#5L, ^VM4i=rA$t!|sfW:^^tctofc-:5 

A«-iisf 1 9{c:^;!iPL-ct,j:v^L. m^iii^^i^B^^mmizmAU^i sizmmvxhn^^^ mmbvx. mm^jt- 
ex. ^1. m2. m3&xmis:^^<Dm4<D-^^m^hfj:^mM(D'^^Wim2 i^i^Aum s'pizmxi.xhx 

V\ *»d^5«ig-e»4. ^3t<*:B2 lf4LED*-fe»tlJ$ixfc:»lt2 SiSrKUXb. ^tbfiJE&^LTefe*2 3 ^ijcffli" 
[0 0 6 01 

1215(4. cD»^L^^llmff^ffi^c#5ise©ll3co^^*Lv^1t^t^^-rc led^^s/^i i±('m^tff^ 

-Sr?i^j5fe-t--5{-tt){c. ^1. S2. :^3^TJ'1iS^^>(0^4©*^^SSr-&tf^^fl:S2 l?r->:=/H 7±(cmLfc^ 
?Sr^(j-»4, i2150«it(4l213c?D't,<Di:|IlC-efc5o ^^^S 2 1 (4->aiyH 7 rortffitcjgj*i--5©d5$f S UV^i^ f? 
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(17) 

10 0 6 11 
[0 0 6 2] 

[0 0 6 3] 

*|||^©^3cD$f*b^^^^gff^St^J;^^f^s mi. ^2. m3^o:ttl:^^)-<o^4W^3tft:il!&*tt, ^^^X-^t^^;^ 
:/W3SilSr-^tfefe)tBSM3£SrttwEeSH2)o S. ShionoyaXUW. M. YeniB. "Phospho 

r Handbook" (CRC P r e s . 1 9 8 7 , 1 9 9 9 ) 6 2 3 ~ 6 3 9 M (^<^IE«rt^(iSffll- J: o 

-fe/V(4. ^10;!f7^«4 2, m2©;{f7;^«4 3. 1 £AJi<0|^1l4 4 . I£;±0|g<l4 5. :^ 1 . ^ 2 
^3:S.O!-(£S^5^(^^4(D«3t«^;4^b7'i?.«*^*S4 6, y<])^-])^4 7itmzn:if:^^m4 8^^ti. KC-f-7 
X-^x^ ;^7'W^BT-tt. ^®i:;^f:^Sra4 8 t<orBl{cii^DcOSI«ft:S:45^«te>ti'5, ^1S4 5 i:^®4 4 iroffi 
JcSJESrfPJSlP-rs i: , ^1194 8 rtOft;5f;^*sffiiS:S®«^S^^iffil (VUV) SrSScmb. :^3t<*S4 6 ^ISb® LT 66 

[0 0 6 4] 

8. 2Bl£i£ 

[0 0 6 5] 

jiiTcDXS=fc-^tfc ^i<D^^i*:©m^t-e-i^S:5o{?rt-e#^-e:/wKXf4il-g-i-5*>. ^ 

-&!fe;(4. HAytm^t^. Dl^m^. TKSE'fkife. V^'?®^:^. KSEi^O^/3il45S^^^«3t«^M!iS|-'(b-a-ife*-t>^j:^ t 
<D-etJ:t\ »*L.l^«3t<*:J^i|s|-'fb-e-^i: bXtt, y V-^tKIS^ h n v^e' A (SrHP04) . ^^-7V:if>' (M 
nCOa) > m^t^^°^^J^ <Eu 203) St^V VSEtK^T V^::^!?^^ ( (NH4) HPO4-) «&**S^tffciX 

5c (NH4) HP0 4«&5S(4. ^f*L<t4. ^^i-5mlcD•^)t^*l^/^^l9'^k#»m©2%^i*JgT♦^^n^i^ 

5c B)fa»-;^:C-C. ^^jifi]»©S r-ft-a-ifeSr^iiPLTtjiV^ -Sfc. ^ ^a>'5^'>i.<^-gBX(4^$P^:*/^ 

Wt-&'feSr?3fe!lRUTt>J:v\ mnn^m-^^irm 3 0 0 - 8 0 OX: (»^V<t±6 0 0X:) (r)^^'pxmi'- 

Sm^mm-r^. #bnfc)f&*^W£l7'^vKL, ^):l.^-C'^*3l 0 0 0~1 2 SOr (if^L<(4l OOO^) 

(DMTiw^mn.'pxm^Lx . m^^yti^^xi-i^-^t:^^. $f«b<«. ^mRxj^o. i~i o%to7K*d-b'^j:5 

#ffl»(DiFrttM^.i^#ffl^«-a-'fellr4~l O^rnl (»*L<f48l#ra) j^^U. ^fc^^-e^P<Dm^ll^S:«3oTlSl D#H^ 
(0 0 6 61 
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(18) 

»^L<f±. m2<DSF^ LV^ (Ba, Sr, Ca) 2 S i O 4 : E u 2 +#^{$:<D®Jit;^fett. Ur<DlLW.^^tt_c 

fi. ^^/^y^i^ (BaCOa) . j^^;^ hn^g^e'i^ (SrCOs) . ^^*/Vv"?A (CaCOa) , m\L=^^ 
u (Eu 2O 3) 5:05-^-1'^ (S i O2 * XH2O) d^^tf bh-S. ifSb< (4, i^fiK^^t^* 1 !? 0. 

5~3^/W%*©C a F 2''.eifcD7 7 s';J';^Sr^^Pi-5), ^-tfOi^. ^-f 1 2 0 0~ 1 4 0 CCcD^^-^^^ll^ (^^ 
Tt^j^-^^SSffl^) t-eiSJ|si-l|!&*iS-a-i^Sr5~7l^ragg^bT, mi<OiSl^^?tfl^»Xf4'!r-^Sr#5o ^9c^'^-e. 
»?3ti,fc-ir-^^«&W^5:t5»:K!=UT«&7l?ii-?>„ '£0«&*5r?):(c:|^9 0 0~1 2 0 0'CcOjg7c#ia^'f'-eT=-/vX 
ttS^^UT. ^2©^^*)t<*:i6Xt4<>'-^^#Sc »*b<tt, ^^StJ^O. 1 ~ 1 0 %07K^*-fe/^ ?)#H^O 
*Prt-t?l&*^ 2 ~ 6 WraT=-/l-i-5.o 
[0 0 6 71 

^^^\ @ji^«?t<*4(i^mi«3t*^«&*t--r?){c:i4, jgs:. fii^xf4«ii&#)* m.^^. ^^^3^ 

[0 0 6 8] 

SECAlk%W(0'^^^t±. S. ShionoyateH, "Phosphor Handbook" (CRC Pr 
ess, 1 9 8 7, 1 9 9 9) 3 9 8 ~ 3 9 9MS0^4 1 6 ~4 1 9M(-IE^$tl-C*59 . ■^cDfS«rtSf4affli-<t 

yi^A) i^^fi^m^m^^^^^^Vi'^o 2 0 0~i 4 0 0*C<Djl7c#H«,'=f'TIS5^«&5SS-^^^;Kfife 

Sffi^M^Sr'r^'i^vK-rSo ii«?Jl 0 0 0~1 2 0 0'CW5S7£#H^4'-CISi|sfi|»*?S-^4fe4rj!5fe^UT. 

[0 0 6 9] 

^1. ^2. m3&0^-tt«^^wm4(^#^«:»*^^^>KXttiS-8-bX^*^^^«J*:/^>KXf4^-&*iSr 

[0 0 7 0] 
[0 0 7 1] 



(19) 

to 0 7 21 

[0 0 7 3] 

[0 0 7 4] 
9. ^fegil 

[0 0 7 5] 

*fe#tai©fc'-^'IS^&*tCJt>CT^>(k$-1irfc„ -ISlc:. 3 7 0-4 0 5 nm(DteHl*3t^t°-:?^)t,&:SXf4SbeJ6« 

«tfeli^t«3t«^StJ«m3cD#fe^3t*^«^»»ttMbLfco laiiaffiEft. :;^w>'K<om^. ^tJ5tc:/^vK(7)C I Efe 
ffili (ccxStJ'ccy) . CR IJtO'miSftSrTia©*! It-* i feXTni". 

[0 0 7 6] 

[%2] 





(WT %) 


ccx 


ccy 


(K) 


CRI 


(IniAV) 


380 mm 


SrP (57.5) 
BASI (21.5) 
SECA (21.0) 


.4011 


.3807 


3507 


70.5 


346.4 


390 mm 


SrP (61.4) 
BASI (19.4) 
SECA (19.2) 


.3995 


.3830 


3565 


70.7 


347.3 


405 mm 


SrP (73.7) 
BASI (12.1) 
SECA (14.2) 


.3899 


.3791 


3767 


72.3 


349.6 



[0 0 7 7] 

±IE«T'(4, JWTOB&Mlr^stffiUfcio BAS I = (B a 0. 6 5. Sfq. 2. Cao. 1. Euq. 0 -S) 2 S i 
04. SECA= (Sr. Ba. Ca) 5 (PO4) 3CI :Eu2+. SrP = Sr2P207:Eu2+. Mn 

2+, 'mSO^&t 6 8 3 \ m/^'^t (Dm tLX^m^fl^o Z:ZX\ 6 8 3 1 m/WfiS 5 5 nm-t?(0 

t-i?3feST-te5o mm:<o%mii. (J F (a.) Y (X) a D / (J F (A.) dX) (iZ'P. F (A.) (4|g^;^-< 

3 5 0 7Kd»t33 7 6 7K*TlE'fb:L. CRIf47 0. 5i)^h7 2. 3 * -C^-ft; ^iSStt 3 4 6 . 4 1 m/W/4> 
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[0 0 7 8] 

4W^^frroft«J^b Ufc SdigiS*. 7'U'>'K<Da^. MO^[;i7'U^K(OC I E&m.m (ccx ccy) . 
?aS. CR I&Uf^iS«SrTIE©« I I nc4i:«)T^i-o 

[0 0 7 9] 

[«3l 



a in 





(WT%) 


ccx 


ccy 




CRI 




380 mm 


SrP (12.7) 
BASI (10.0) 
SECA (7.4) 
MgF (69.9) 


.4017 


.3835 


3519 


93 


285 


390 mm 


SrP (17.6) 
BASI (11.8) 
SECA (9.0) 
MgF (61.6) 


.4065 


.3793 


3374 


93.5 


272.2 


405 mm 


SrP (41.5) 
BASI (14.2) 
SECA (12.8) 
MeF (31.5) 


.3967 


.3743 


3557 


91.3 


264.7 



[0 0 8 0] 

±l5*-ett. £;(TOlS^*^fflbfco BAS 1= (Bao. 6 5- Sro. 2- Ceq. i.Euq. 0 S) 2 S i 
O4. SECA= (Sr. "Ba, Ca) 5 (PO4) 3CI :Eu2+, SrP = Sr2P207:Eu2+, Mn 

2+, ^t/MgF = 3. 5MgO*0. 5 M g F 2 * G e O 2 : Mn 4 ft I I Ur^^SixSii 9 , ^ 
feS^f*3 3 7 4K*»b3 5 5 7KS-e^'(kL. CR I tt9 1. 3;*^b93. 5 ^T?^-!!; ^gfi 2 6 4 . 71 
m/W*='5>2 8 5 1 m/W*T'^'fliLf::c *I I I ^4(0#fe^Jt#^<*:©i^JP;i5CR I ©SS:/iit:*:Srt>fc: 

[008 1 ] 

imi] 

C I EfeSlllSr*i-:/7 7-e*)5o 
[1112] 

[1213] 

H.^|IJS?i^litc#^LEDS:ffll.^fc,^,BJ^BcomsiS*f51lT-fe?)o 

[1214] 



(21) 

111151 
[ISI6] 
[^7 1 

1 

2 Wcki 
3 

4 efeit 

5 mm^t/t 

6 

7 5Sfe3t 

8 

9 e&^t 

11 

13 y - Kii^ 
1 5 

1 7 ->ai/v 

1 9 mMm 

2 1 mytup^ 

2 3 

2 5 JJcIt 

3 1 m%y'^^ 

3 3 

3 5 ^^tfi^^feW 

3 7 7:^:/a-& 

3 9 

4 1 ^mm^m 

4 2 BK^:^^;^^ 
4 3 ^2CD;^7;^« 

4 4 mm 

4 5 
4 6 

4 7 y y y 

4 8 n:^:^^m 
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[^«»-§-l 2004-501512 

l-^«aSiJl #fp*ll 1 7 ^© 2 <OM^KXi>^lE<Dl^m 

[ST^^aSiJl A5 

l^^Bl 2 004^(20 04) 1^150 
lfcbS#-§-l mm 2001-584500 
mnB] 2 00 5<¥(2 0 0 5) 1^270 

2004002 

HOIL 33/00 
C09K 11/64 
C09K 11/73 
IF II 
HOIL 33/00 C 
HOIL 33/00 N 
C09K 11/64 CPU 
C09K 11/73 CPX 



IffitbBl 2 00 2^(2 0 0 2) 1 1^180 
1#J^«JE11 

[tl*3jll 

^^y-f ^- K (1 1 ) t > 

*?15 7 5~i^6 2 0nni<Dt:°-:J'^?tjS«Sr*-r5)^l<^^3tWiN-i:s 

mi<^^yfMnt\tm^£^f!^4 9 5~**)5 5 0 n nK© t°-i?%)tS[ft<Sr*-t"5^ 2 ro^Jt*t^s|-i: ^ 
||lS.t/^2©^?t*J-;|St-i:(*S'i^*^4 2 0~*D4 8 0 nmOf-^'^^JgftSr#i-?.^3©5l^«-J|s|-i: 

lti*«4i ^« ^ « 

ItfiE^^^^^' K (11) *S3 7 0~4 0 5 nin©teHrttCf-^'*3tjSSSrWi"5) I nGaNSttSSr^tf. IS 
*«3lE«©iiec 

tiifS.?t%^^^-y (1 1) !4-feScai$*v5*feM (2 5) i^^l. m2RXff^3 0:)^^Um^^m^i-i»^\^^i^\ 

1^)6 2 0-6 7 Onm©®fflrt(-t°-i^|g^iSS«rWi-5^4©|g^«-!^?r^btc-^tfx If 1 i5«<^^S. 
llf*^7l 
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(2) 

ml«|gJfe*^!|s^*5^lroAPO: Eu2+. Mn2+^3t«^ i^^. AUS r . Ca, B a.XU'M g W 1 «JJA±4r.-^ 

tf) ^-^tf. Sf 1 IB«©l^fie 

slSTok^=i^ (Ai_x-yEuxMn,) 2P2O7 (^^^ AitS r . 0<x^0. 2. 0<y^ 

0. 2) -^-^tf. lf*JS7lE«ro^e. 

a) AS iO: Eu2+-^)t# (^4^. AttBa. Ca, SrXtJ'MgOiaWiSr^tf) . 

b) ADS iO:Eu2+^ifefl£ ^^'P. Af4B a . C aSO^S r <0 IftfiXJid^^^i 9 , DttMgSU^Z n<D 1«W 

c) AA 1 O : Eu 2+#3tfls (Sil^, AttB a, S r JfcU'C a © 1 MJ^AJi^atf) 
rs^^]g 10] 

ttkASiO:Eu2+^3t«^*5 (Ai-xEu^) 2Si04«Jt«^ (^'f^ A(4B a , SrSU^CaSr^^. 0 
^F^XDsfo'tu2V^?t«^*^ (Ai-xEu,) gDSiOr^^i* (^^^ 0<xgO. 2) X 
Mf5AA10:Eu2+m^^4.;5^ (Ai-xEu^) 2Al 204**^ (5*^'*'^ 0<xSO. 2) II* 

d) AMgAl O : Eu 2+«^i*: (^t. AfiBa. C a STJ' S r <D 1 «U±*^tf) . 

e) DPOC 1 : Eu2+^^^^ Df*S r. Ba. C a ;RtJ«M g <0 1 «lJi±^^tP) , 

f) E0*A10 : Eu2+^*^* (^ts EHBa. S r :Rt)^C a (D 1 «i^iJi?r^tf) 

g) EAl O • Eu 2+:i:^^^ i^'P. EfiBa. S i RXJ^C a <D imU±^^tt) . RrJ 

h) GAl O : Eu2+#^fl^ (^^. GfiK. Li. N a :H:t/R b © 1 «£i±«r^tf) 

tfrffi^MgAlO: Eu2+^5fei*;i5 (Ai-xEu^) MegAl 1 602 7 ^^'P^ AfiB a Sr^^. OSxg 

t&IBDPOCl :Eu2+*^fl.;i^ ( s r 1 _ y - z B a y C a ^ ) g-xEu^ (PO4) 3CI (^*. 0. O 

iSx^O. 2. O^ygO. 1. Oiz^O. 1) t^h^iKi . 

«tilEE0*A10 : ^n^^^%m^z (Bai-xEux) 0*6Al 203 (^'^'^ l^z^l- 8. O^xS 

mul\To'l\2^^^m. (Bai-xEux) Al 12O19 (^"^l^l^ ^ J « twLS^ 
^;EGA10:Eu2+^^*;i^ (Ki_xEux) AluOn. 07 ^^^^ 0<x^0. 2) S« 

[St*Jl 1 3 1 

StrfS^i. m2-Rx^W,znlt.%m-^%W^^'yy (2 1) *lctS:«b-c*5!9, 

^^y-fi^-K (11) (Df-i?^7ti6*dS3 6 0~4 2 0nm<D®ai*3t-fct). ^^-^ 

^^y^^_K;i.bOAlt«lt (25) tc;t:«:LT^3tflsy^>'K (21) ^^fe^^Ctil$^^5. 6^**^ 3 0 O 0 ~6 5 
00K<?5&?ag. 7 0Sr±lli5CRISU53 00 lin/W<Sr±lHlS«fiS«=Sr=fi-1-?.. 1 1 IE«®^«. 

Iff 1 4 1 
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(3) 

K (2 1 ). iiS^ 5 5 7 5fi*%CD Sr2P207:Eu2+, Mn2 m 1 1 ~**) 

2 2»ft%0 (Ba. S r, Ca) 2S i04 : En^+M^tW. Rrim 1 3~**)2 2«ft%® (Sr. Ba. Ca 
Mg) 5 (PO4) 3CI : Eu 2+^3it{^d.6>/i5. it*«l 3lS«(OSSc 
[m-^mi 5] 

ifeltaS (1) d5tf-:;'«3tjS*^3 8 0 nmCDLED (11) d-o 

tuffi^itfls^^VK (2 1) 7. 5mi:%<r)S r 2 P 2O7 : Eu 2+. Mn 2 2 1 . 5« 

%0 (Bao 6 5Sro. 2Cao. iEuq. 0 s) 2S i04^^<*. Rt^*^ 2 1 fil:%(^ (Sr. Ba. C 

a) 5 (PO4) 3CI : EuZ+'^t/tm^h^J:^. IS*^ 1 4 IE«®Sile 

[fi*3j 1 6 1 

MlkiU (1) *5t°-^|g)t)S**^3 9 0 niTKDLED (11) A-fe/it)> 

MtE*^tft::^l^>'K (2 1) 1 . 4»»%(DS r 2P2O7 : £^12+, Mn 2 +#JtflJ, 1 9 . AMM 

%(D (Bao 6 5Sro. 2Cao. iEuq. 0 5) 2S i04*3t*. RtJ5»?l 1 9 . 2Sfi%0 (Sr. Ba 
Ca) 5 (PO4) 3CI : Eu2+'^%m^hfii>. It*3g l 4 fa«©i£11o 

lit 1 7 1 

ifeltai (1) *Stf-;?^)tSc«ii^]4 0 5nm«0LED (1 1) d^t'^il?. *»o 

WIB*3t«^:^^VK (2 1) *b7 3. 7S[fi%©S r 2P2O7 : Eu 2+. M n 2 ^1) 1 2 . 1** 
%CD(Bao 6 5Sro 2 C a 0 . 1 E u q . 0 5) 2 S i O 4^^^^. XtJ^*^ 1 4 • 2 ( S r . B a 

Ca) 5 (PO4) 3CI : Eu2+^%m^h^£^. If 1 4 fE^<0|gg. 

3. 5MgO*0. 5MgF2*Ge02 :Mn4+d^b/i5S4®^3t»:Sr$P){C-^tf> fl*«l llB«<^^Sc 
1 9 ] 

ffiiami. ^2. ^3st5sr4©*5t*J^;as«^fls^i^i^K (21) 'pizm^vxtsv . 

(11) <7)t°— ^'^3tiSft;ii5 3 6 0~4 2 Onm<D®fflF*3(-fc'9. 
?^%^4^-h'i}-h<DP^nM (2 5) ^c;£:«:LT*^fl^y^^K (2 1) *-b*Jcffl$iX^ efe^t*^ 3 0 0 0 ~4 1 
OOK(D^tSM. 9 0Sr±lil5CR IRT;'2 0 0 1 m/WSr±liI5^lS*Sr*i-5. 1 8 |E«<?5^Bo 

Ilf*3S2 0] 

|1ll5^*<*7'U-^-K (2 1) UK mi l~**)43»ft%©S r 2P2O7 = Eu2+. Mn2+#^{^^. 9 1 
5«ft%© (Ba, Sr. Ca) 2S i04 : Eu2+^%W. *b 6 1 4 Sfi:%© (Sr. Ba, Ca, Mg) 
5 (PO4) 3 C 1 : E u 2 H-^)t{^. St^**J 3 0 -*>) 7 1 fiSyo© 3 . 5MgO*0. 5MgF2*G«02:M 

lif^«2i] 

WifUM (1) *Sf-:?^5t^fti^3 8 Onm<DLED (11) A-feJ^iUx 

BtjlE*3t«^7'l'>'K (2 1) mi 2. 7S»%roS r 2P2O7 : Eu2+, Mn^+'^ytW. mi OS»%W 
(Bao 65Sro 2 C a 0. 1 E u 0. 0 s) 2 S i 04«^fl^. *^ 7. 4«»%t0 (S r , B a , C a) 5 
(PO4) 3 C 1 : E u 2 +^3t«:, StJ?*^ 6 9 . 9fi4%<03. 5MgO*0. 5M g F 2 * G e O 2 • Mn 4 + 

[ft*:«2 2] 

(1) ;dSt''-i?^)tS«i^3 9 0 nmWLED (1 l) 
«trlB^3t<*^^vK (2 1) *5J1 7. 6mfi%©S r 2P2O7 : Eu2+. Mn 2 +#^{*:. 1 1 . 8fi» 
%0(Bao 65Sro 2 C a 0 . 1 E u q. 0 s) 2 S i O 4 *^ 9 «1:%C0 (S r , B a , C a ) 5 

(PO4) 3CI : Eu2+^yti^^ RXfme 1. 6fi*%(03. 5MgO*0. 5 M g F 2 * G e O 2 : Mn 4 + 
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(4) 

<;S4)%'?? EU?JS*» W«3 1. 5«*%»>3. 5M.O*0. « F a * = O 2 : M 

lii*'S2 4] 

H^yi'^-K (11) ^J^3i^tfc->^/^ (17) 

v-zn;v (1 7) tH^^^-^^^-K (1 1) i:<^W<^»AW (1 9) t 

a) #5ti*:yu>'K (2 1) ^- K (1 1) (D«®{r^^^^^^>'^?>»^ 

b) ^it'^^v-^K (2 1) ;45ttAt^iP^ (19) ^'^c«ftUTV^5.^^ ^VM± 

c) ^it'^yuxK (2 1) d^v-^/v (17) ^rM*$^^•CV^5. 

#:yi^:/K (3. 2 1) o 

3 7 0~r0 5nmCO«SBrtf.V.-^JS*%*i-5Al*»it (2. 2 5) tC^UT. ^i^**^ 2 6 4 1 m/W^±0 
»), fetaSd5 3 3 0 0-4 1 0 0K<?5«fifflrtlCfc5. tl*«2 5 fB«0^)tfli^ I- Ko 
[§f ^Jt^S 2 7 1 

«*%(D(Ban fi S r o 2 C a o . 1 E u q . 0 5) 2 S i O 4 ^^i^. ^t^?0 2 1 BS/o ^ r . 

?1) 5 (PS4) 3C 1 2+W*^b/«c4. n^^2 8ia«0**«^^W>Ko 

i^S^^lvK(3 2 1)*^)^6 1. 4«fio/,^Sr2P207:Eu2+. Mn2+m^i^.*^19. 4 

«*<!<,(0 (BaA fi«^Sro 2Cao. lE^O. 05^ 2='i*-'4 ffl^:^T^> 

fa Ca) 5 (p54) 3 S"i E u 2 2 8 lE^gO^^^^^ 

^S2S^^l:^K(3. 21).^^73. 7«*%'-S^2P207:Eu2+ Mn2+*2^ m2 1 
[iS*«3 21 
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(5) 

" C R I 9 0 $r±lll 5 . 2 6 IE«i<o*3t^:/ w v K, lO 

[ll*JS3 31 

- 3. 5MgO*0. 5MgF2*Ge02 :Mn4+d^fc/i5m40:^^*S:^fet--^tf, UI*5a3 2IE«<©it3t(*: 
3 4] 

WfB*)t<*::^L-VK (2 1) i^*J 1 1 ~Jii^4 3a4%(0 S r 2P2O7 : Eu2+, Mn2+^^{*:. **j9~#Sll 
5S*%(0 (Ba. Sr. Ca) 25 104 = EuZ+^%W. i!i*J 6 1 4 (Sr. Ba. Ca. Mg) 
5 (PO4) 3C 1 : Eu Z+'^^t**^. St/J^3 0-^7 l«fi%<D3. 5MgO*0. 5MgF2*Ge02:M 

n 4 +'^)tflsd^bife2>. ff^ls 2E«<D:^3t{*yi^v Ko 

llt*«3 5l 

SK*Jfe'H^:^^>'K (3. 2 1)^5.**) 12. 7fiS%roS r 2P2O7 : Eu 2"^' Mn S+'^it^, 1^1 OS* 
%0(Bao 6 5Sro 2 C a 0 . 1 E u 0 . 0 5 ) 2 S i O 4 «3t^> *^ 7 . 4 ( S r . B a . C a 

) 5 (PO4) 3C 1 : Eu 2+#^{$, 5:U5*^6 9. 9S1[%(D3. 5MgO*0. 5 M g F 2 * G e O 2 : Mn 

[ii*«3 6] 

S^*7t^*:^~^>'K (3. 2 1);65^*^17. 6 S r 2 P 2 O 7 • E u 2 +, Mn 2 +#3t{^, 1 1 . 8 

m*%<D (Bao 6 5Sr 0. 2Cao. iEuq. 0 5) 2S i O 4^%^^. *^9«a:%<0 (Sr. Ba. Ca 

) 5 (PO4) 3C 1 : Eu2+^3t#:. RXms 1. 6m&%(^3. 5MgO*0. 5MgF2*Ge02 : Mn 

[fi*3S3 7] 

S^^^tft^^^^'K (3. 2l)d^*^4 1. 5**%«^Sr 2P2O7 : Eu2+, Mn2+^3fe^, 4. 2 
(Bao. 6 5S r 0. 2Ca 0. 1 Euq. 0 5) 2S i 04^)tfls. Wi\2. 8ai%0 (Sr. B a 
Ca) 5 (PO4) 3C 1 : Eu 2+^^^, SI^*^3 1. 5»*%<^3. 5MgO*0. 5MgF2*Ge02 
': Un^-^'^%m^hfi^. »*«3 4iE«©^^#:/U^ Kc 

(S»*«3 8 1 
J^MM (1) 

^ICDAPO : Eu 2+, Mn 2+^^^^ (^"t", AJiS r. Ca. B a StfM g © 1 flieA±^-^tf) 

a) AS i O : E u 2 +^)t*j£ (iCt-. AfiB a. C a. S r Stmg O 1 a£A±Sr-^tf) > 

b) ADS i O : Eu 2+*Jtfl£ (^J^". At4B a , C a^tO«S r <0 lagiiSr-^^^-. DtiMg5.0«Z n® lagii 

c ) A A 1 O : E u 2 (^1^. A(iB a . S r S.U'C a O 1 aiiiiSr^tf) 

(?? 1 a6i(±*» ?>®«i $ ^ 2 b . 

d) AMgA 1 O : Eu 2 {^^^ Af±B a . CaSiU^S r (D 1 atAiSr-^tf) . 

e) DPOC 1 : E u 2 DttS r . Ba. C a StJ^M g © 1 agiiSr-^tf) . 'Bi.rJ- 

f) EO*A 1 O : Eu 2+*3tfr (S:'*'. EttBa. S r jSitJ'C a © 1 «EAJiSr^tf) 

g) EA 1 O : Eu 2+^3t*|£ i^'^. EttBa. S r ^fcO^C a © 1 aa±=Sr-&tf) > 

h) GA 1 O : Eu 2+^^<*: (SC^". GttK. Li. N a StJ^R b O 1 aa±Sr-^tf) 
(73 1 a£A±A^bS*^$HS^ 3 

(lf*«3 91 

iniE^ 1 «)*Jt«^-6S (Ai-x-yEuxMny) 2P2O7 (S:^^ AttSr-Cfci9. 
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(6) 

12 



0<xSO. 2. 0<y^Q.. 2')t-h^i-^^ \ ^^ik {^fip AtiBa S r &t/C a ^-^^^ 0 

<x^0. 2") t-^hfi.'O ^ r^c; ; n,-**<* (Si-^ 0<x^0. 2)A-b^Ct).X 

fltFlEADSiO:Eu2+^3fcfl:A^ (Ai-xE^x) 2DSi07*3tfl^ ^^^^^ 

|1llSAMgA10:Eu2+«)t«:*^ (M-xEux) MgzAl 1 602 7 

0. 2) /!>^b^C?)> ^ r< ^ c Eu^ (PO4) 3CI (SC*. 0. 0 

ttllSDPOCl :Eu2+*3tfl.*^ (S r 1 -y- z B a y C a ,) 5-xEux (P04^ 3 

|tf|SE0*A10:Eu2+^)t^*d^z (Baj-xEux) 0*6Al2O3 

0. 2) t^hfi-'O. 0<x^0. 2) t^h^iKl . Xli 

g,EE A , O : E u 2 * ' - i ^ * " ^° ' 0 ; . a 0 . 2) 4-6* . 

[|»*3S4 0l ^^=v^ (3 1) xH^yX-^x-^^:/^-^ (4 1) Sr^i^. 

111^^4 11 _ 1. q s 5 5 0 nm«5 1°— ^'^JtSft 

4*-r2,a2c!>**fl!»5S!:. i»«l42 0~»480nm(Dt 

[|i*354 2l ^^^^^^-xftitfrM f9 2 5) lifS^Lxm^ft^^'^^H (2 1) 

^:^;:i«=3::r:s;:sxs'-*^-cKr.^2oo.^^^^ 

" s\?o4 

03. 5MgO*0. 5Mg F 2 *^ ® 2 • »^Lirt- 



(7) 

3 7 0~4 0 5nin<OtSHrtt:n^-tJ'l83tSiSS:*i-5l65t^^-r;i--K (11) trVai/V (17) rttcffifi-f-^xe 

^T^mn (19) trv-^/i- (17) (cjt^-rsxat. 

b) (2 1) trtfAWi^ (1 9) 4'lC»?E$-&2»xm. Xii 

c) :^)tfls*&5fes-e-#5i:^^i:co®s^srv^3.7v (17) tr^^u. mmm^n^^-^iJM 



